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(57) Crosslinkable resin compositions that are 
cured easily by irradiation with active energy beams and 
particularly cured quickly with ultraviolet ray are provid- 
ed, which comprises a polymer containing a maleimido 
group and an ethylenically unsaturated group. The com- 



position may be an aqueous composrtk>n. They provide 
cured films which are excellent in durability, free from 
coloring and odors, and also excellent in abrasion re- 
sistance, adhesion to substrates, surface smoothness, 
and chemical resistance. 
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Description «. 

[0001] The present invention relates to crosslinkable resin compositions comprising a polymer that contains a male- 
imido group and an ethylenicatly unsaturated group! These compositions provide coating films and molded articles 
high in durability and abrasion resistance, and therefore can be used as coating agents, adhesives, binders, molding 
materials and the like, and can serve effectively in these technical fields. Furthemiore, the compositions include aque- 
ous or water-based crosslinkable resin compositions that can be crosslinked by irradiation with active energy beams 
such as ultraviolet rays. The aqueous or water-based compounds are useful as coating materials including paints, 
coatings and printing inks as well as bonding agents for non-woven fabrics or the like, adhesives, fillers and resists! 
and among them, are useful as the coating materials, particularly paints for wood. 

[0002] Because of their fast curabll ity, active energy beam-curable compositions not only greatly decrease the energy 
and time required for drying, but also eliminate the space required for installation of dryers and other related apparatus, 
as compared to conventional solvent-based resin compositions. Furthermore, the active energy beam-curable com- 
posittons require only a small amount of solvents, or require no solvents. Thus, they are considered to be a material 
friendly to global environment, and their consumption is increasing year by yean 

[0003] In recent years, active energy beam-curable compositions have been in wider use in various fields. However, 
perfomnance required In some fields is difficult to achieve with a conventional combination of ingredients, namely! 
oligomers and monomers. 

[0004] In the meantime, plastic moldings produced from polymethyl methacrylate resin, polycarbonate resin and the 
like, are used in different field since they have many advantages that they are light in weight, high in impact resistance 
and easy to shape. Because of low surface abrasion resistance, however, these plastic moldings are liable to be 
damaged on their surface, and their improvement in abrasion resistance is demanded. Their increase in durability has 
also been strongly demanded as they are often used outdoors as parts of automobiles. 

[0005] Some studies have been carried out in an effort to improve their abrasion resistance by coating the surface 
of the plastic moldings with an ultraviolet ray-curable composition. However, it is sometimes diffteutt to obtain sufficient 
abrasion resistance and adhesion to plastic materials, and even if these properties can be improved to a satisfactory 
level, the problem on durability often remains unsolved. 

[0006] The ultraviolet ray-durable composition is composed mainly of (meth)acrylates, and is a typical active energy 
beam-curable composition. In order to cure this composition with an ultraviolet ray, a photopolymerization initiator that 
generates active radicals upon exposure to the ultraviolet ray has to be added thereto. However, such a photopolym- 
erization initiator tends to remain in cured products of the composition, deteriorating durability of the cured products 
and causing coloring, fading, peeling of coated films, cracking, etc. Thus, most ultraviolet ray-curable compositions 
cannot serve sufficiently for the purposes that require durability. Furthenriore, decomposition products of photopolym- 
erization initiators also remain in cured products and often cause an offensive odor. 

[0007] Attempts to Improve the durability have been made by using durability improvers such as ultraviolet ray ab- 
soriaers. light stabilizers and antioxidants. However, they tend to fail to work effectively, and cause a problem that 
durability improvers suppress curing reaction and reduce ultraviolet ray curability of the composition, leading to dete- 
rioration of productivity. 

[0008] Recently, it has been revealed that N-substituted maleimide cornpounds serve as a photopolymerization ini- 
tiators, and it has been reported that vinyl ethers or acrylates can be polymerized by ultravblet rays without using 
photopolymerization initiators (Sonny Jonsson et al.. Proceeding of Radtech '95 Europe {Academic Day) p.34). 
[0009] Compared to conventional photopolymerization initiators, N-substituted maleimide compounds as photopol- 
ymerization initiators are superior in that they are excellent in thin film curability and are free from polymerization 
inhibition that may be caused by oxygen contained in air However, the maleimide compounds are drffbult to handle 
because they are solid and have high melting points. To use them in a liquid state, they have to be dissolved in such 
solvents as (meth) acrylates, but some maleimide compounds are low In solubility in (meth)acrylates, and they are likely 
to precipitate as their content is increased in a composition. Thus, they are used in limited fomiulations, and often 
cannot attain desired purposes if formulations are changed according to required properties for different objectives. 
[0010] Furthermore, these maleimide compounds are low molecular weight substances. Thus, when a maleimide 
compound is added to a curing composition as a photopolymerization initiator, it degrades properties of the cured 
product if it remains un reacted in the product. 

[0011] The present inventors have revealed that some compositions comprising polymers that contain maleimide 
group-bearing (meth)acrylates as constitutional monomeric units can solve the above problem (International Patent 
Publication W098/58912). These compositions, however, are not effective enough in some cases where a high curing 
rate is required or where excellent durability or chemical resistance is needed. 

[0012] It is also known that some low molecular weight compounds having a maleimide group and a vinyl ether group 
as an ethylenic unsaturation are high in curability (Henrik Andersson et al.. Journal of Coating Technology, vol.69. No. 
865, p.91 , 1997). Cured films of the compounds are, however, poor In hardness, adhesion to substrates, water resist- 
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ance and chemical resistance. 

[0013] It has been feared In recent years that organic substances, including sotvents and detergents, used in different 
industrial fields are released in the atnnosphere to promote global-scale air pollution, and may affect living bodies. To 
avoid this, some efforts have been made to develop aqueous or water-based compositions for coatings, inks and 

5 adhesives in place of conventionally used solvent-based ones. 

[0014] Studies are also candied out to process an active energy beam-curable polymer containing an unsaturated 
group into a water-based one that may be used as a major component for the above-mentioned uses. For example, 
a method In which a carboxyl-containing polymer is produced in water In the presence of an emulsifier, followed by 
addition reaction of the resulting polymer with a compound that contains an epoxy group and an unsaturated qrouD 

10 {JP-A-06-211950). ^ ^ f y K 

[0015] As a method for eliminating solvents from paints, use of an ultraviolet ray-curable composition free from or- 
ganic solvents is also studied. Known ultraviolet ray-curable paint compositions include those consisting of a reactive 
diluent and an oligoester (meth)acrylate such as polyester acrylate, epoxy acrylate, or urethane acrylate. For example. 
JP-A-05-9247 discloses ultraviolet ray-curable compositions that contain an urethane acrylate of a specific structure 
IS and an unsaturated polyester 

[00161 There are some other proposals in which aqueous compositions that contain polymer emulsions are used 
like those described above (JP-A-51 -17922, JP-A-51 -23531, and JP-A-06-211950). When such polymer emulsions 
containing unsaturated groups as stated above are used for various uses, photopolymerization initiators have to be 
added thereto as a radical source so as to allow the polymer to cure by irradiation with ultraviolet ray. If the aqueous 
emulsion containing such an unsaturated group-containing polymer together with a photopolymerization initiator is 
used, however, degradation products of the photopolymerization initiator tend to remain in the cured film and cause 
some problems Including offensive odors and coloring of the cured film. Furthemiore, such emulsions often fail to 
provide the cured film with sufficient hardness. 

[001 7] Conventional solventless ultraviolet ray-curable paint compositions have a problem of failing to give sufTicient 
adhesion between cured films and substrates. Such poor adhesion is attributed to the fact that ultraviolet ray-curable 
compositions cure in a short time to fomri films and are likely to accumulate much strain caused by volumetric shrinkage 
upon curing, compared to other compositions containing solvent-evaporation type polymers and those containing ther- 
mosetting polymers that cure gradually as the strain is relaxed in the course of heat drying or heat curing. Such sol- 
ventless compositions are generally high in viscosity, and thus poor in woricabilily upon production and coating. 
30 [0018] Conventional aqueous paint compositfons tend to fail to provide dry films with sufficient hardness, soh^ent 
resistance, and water resistance. It also tends to be inferior in surface luster and adheston to substrates, and particularty 
poor in water resistance. 

[0019J The present inventors revealed that an emulsion comprising a maleimldo group-containing polymer and a 
multifunctional (meth)acrylate (Japanese Patent Application No. H11 -3551 57) and a compositton produced by dispers- 
ing or dissolving a polymer that contains a maleimldo group and an acidic group or a salt thereof , in an aqueous medium 
(Japanese Patent Application No. H11 -361876) serve as aqueous crosslinkable polymer compositions which solve the 
above problem, and which are excellent in curability by active energy beams, particulariy by ultraviolet ray, and fonn 
coloringand odor-free cured films high in hardness, solvent resistance and water resistance. 

[0020] However, even the above compositions would be insufficient in performance when a still higher curing rate 
is required or when resulting cured films are required to have still better chemfcal resistant properties such as resistance 
to alkali and solvent. 

[0021] An object of the present invention Is to provide compositions that can be cured easily by in-adiation with active 
energy beams and in particular, can be cured quickly by in^adiation with ultraviolet ray. to provide cured products high 
In durability, tree from offensive odors, and also good in abrasion resistance and adheston to substrates. 
[0022] Another object of the present invention is to provide aqueous or water-based compositions that can be cured 
easily by Irradiation with active energy beams and in particular, can be cured quickly by irradiation with ultraviolet ray, 
to provide cured products free from coloring or offensive odors and good in smoothness and adhesion, and provide 
cured films still higher in chemical resistance. 

[0023] The present inventors have carried out a variety of studies and achieved the invention after revealing that the 
above problems can be solved by means of compositfons that comprise a polymer having a maleimido group and an 
ethylenically unsaturated group. 
[0024] Also, the present inventors have found that the above problems can be soh^ed by means of aqueous or water- 
based compositions that comprise a polymer having a maleimido group and an ethylenk^ally unsaturated group, pref- 
erably aqueous or water-based composltions-^that comprise a polymer having a maleimido group, an ethylenically 
55 unsaturated group and an acidic group. 

[0025] The invention is described in detail below. 

[0026] In the present specification, "acrylate and/or methacrylate". "acrylic acid and/or methacrylic acid" and "acryloyi 
group and/or methacryloyl group" are referred to as "(meth)acrylate". -(meth)acryllc acid" and "(meth) acryloyl group". 
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respectively, and the unit of acid value, which is nngKOH/g, is omitted. 
1 . Connponent (A) 

5 [0027] The compositions of the present invention contain, as an essential component, (A) a polymer that contains a 
malelmido group and an ethylenicaily unsaturated group. This polymer is hereinafter referred to as component (A). If 
a particular composition of the Invention is an aqueous crossllnkable resin composition, the component (A) may be 
dissolved or dispersed in an aqueous medium. 

[0028] There are many malelmido groups that can be contained in the component (A), but those represented by the 
10 following fonnula (1 ) are preferred. 
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(1) 



where Ri and R2 independently denote a hydrogen atom, halogen atom, alky! group, alkenyl group, or aryl group, or 
25 both denote a saturated or unsaturated hydrocarbon group of a 5- or 6-membered ring formed by linkage with each 
other. 

[0029] The aryl group includes phenyl groups. The saturated or unsaturated hydrocarbon group of a 5- or 6-mem- 
bered ring fonned by linkage with each other Includes a gnjup represented by >CH2CH2CH2-, a group represented by 
-CH=CHCH2-, a group represented by - CH2CH2CH2CH2-, a group represented by -CHgCH^CHCHg-, and a group 

30 represented by -CH=CHCH=CH-. 

[0030] It is prefen^ed that either Ri or R2 is a hydrogen atom while the other is an alkyi group with 4 or less carbon 
atoms, or that both R^ and R2 are an alkyI group with 4 or less carbon atoms, or that R^ and R^ are a saturated 
hydrocarbon group that are combined to fomri a carbocyclic structure, because these compounds can easily form 
polymers, can be high In solubility and storage stability, and can provide compositions that are cured into crosslinked 

35 films excellent In water- resistance. Among others, they are preferably saturated hydrocarbon groups that are combined 
to fomri a carbocyclic structure, particularly a group represented by -CHgCHgCHgCHg- being preferred. 
[0031] Typical malelmido groups are as shown by the formulas (2) to (7), of which those expressed by the formula 
(2) or (3) are prefenred in tenms of solubility and storage stability. 
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[0032] There are many ethylenically unsaturated groups that can be contained in the connponent (A), such as vinyl 
groups, allyl groups and {meth)acryloyr groups. Among them, (meth)acryloyl groups are pretended because they are 
excellent in curability. 

1-1. Polymer 

[0033] In the component (A) of the present Invention, the malelmldo group may, for example, be bonded via an ester 
or urethane linkage to an ethylenically unsaturated group-containing polymer, or the ethylenically unsaturated group 
may, for example, be bonded via an ester or urethane linkage to a malelmido group-containing polymer The component 
(A) can be polymers produced by different methods, preferably by the methods (1) to (7) shown below. These methods 
are classified into methods in whteh a prepolymer containing a functional group and a maleimldo group is first produced 
and subsequently reacted with a compound containing a functional group that reacts with the fomier functional group 
(methods (1)-{6) described below), and methods in which a prepolymer containing a functional group is first produced 
and subsequently reacted with a compound containing a malelmido group and afunctional group that react with the 
former functional group (methods (6) and (7) described below). 

(1) Method in which a compound containing an ethylenically unsaturated group and an isocyanate group (herein- 
after referred to as isocyanate-contalning unsaturated compound) is added to a prepolymer containing a maleimldo 
group and a hydroxyl group. 

(2) Method in which a compound containing an ethylenically unsaturated group and an epoxy group (hereinafter 
referred to as epoxy-contalning unsaturated compound) is added to a prepolymer containing a malelmido group 
and an acidic group. 

(3) Method in whrch a compound containing an ethylenically unsaturated group and an acidic group (hereinafter 
referred to as acidic group-containing unsaturated compound) is added to a prepolymer containing a malelmido 
group and an epoxy group. 

(4) Method in which a compound containing an ethylenically unsaturated group and a hydroxyl group (hereinafter 
ref en-ed to as hydroxyl-containing unsaturated compound) is added to a prepolymer containing a malelmido group 
and an isocyanate group. 

(5) Method In which a hydroxy l-containing unsaturated compound Is added to a prepolymer containing a maleimldo 
group and an acid anhydride group. 

(6) Method in whrch a compound containing a maleimldo group and a hydroxyl group Is added together with and 
a hydroxyl-containing unsaturated compound to a prepolymer containing an acid anhydride group. 

(7) Method in which a compound containing a malelmido group and an acidic group is added together with an 
acidic group-containing unsaturated compound to a prepolymer containing an epoxy group. 

1 -1 -1 . Prepolymer production method 

[0034] To produce the maleimldo group-containing prepolymer used in methods (1 )-(5) as above, a compound con- 
taining an ethylenically unsaturated group and a malelmido group (hereinafter referred to as maleimido-containing 
unsaturated compound) can be copolymerized with a hydroxy l-containing unsaturated compound (as in method (1) 
described above), an acidic group-containing unsaturated compound (as in method (2) described above), an epoxy- 
containing unsaturated compound (as in method (3) described above), an isocyanate-containing unsaturated com- 
pound (as in method (4) described above), or a compound containing an ethylenically unsaturated group and an acid 
anhydride group (hereinafter referred to as acid-anhydride-containing unsaturated compound) (as in method (5) de- 
scribed above). 

[0035] Preferred maleimido-containing unsaturated compounds are (meth)acrylates containing a malelmido group, 
which can be produced by the methods described in the following literatures or patents: 
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Kiyoshi Kato et al, "Journal of Synthetic Organic Chemistry Association", 30 (10), 897,41972). 
Javier de Abajo et al, "Polymer", vol.33 (5). (1992). 
JP-A-56-53119 
JP-A-01 -242569 

[0036] Preferable examples of the (meth)acrylates containing a maleimido group are represented by the formula (8) 
shown below. 



15 




where and R2 mean the same as above, R3 denotes a linear or branched alkylene group with 1-6 carbon atoms. 
R-* denotes a hydrogen atom or a methyl group, and n denotes an integer in the range of 1 to 8. 
[0037] Preferred examples of hydroxyl-containing unsaturated compounds include hydroxyallcyl (meth)acrylates 
25 such as hydroxyethyl (m6th)acrylates and hydroxypropyl (meth)acrylates. and hydroxyalkyi vinyl ethers such as hy- 
droxybutyl vinyl ether. 

[0038] Preferred examples of acidic group-containing unsaturated compounds include an unsaturated compound 
containing a carboxyl group, an unsaturated compound containing a sulfonic acid group, and an unsaturated compound 
containing a phosphoric acid group. Among them, the unsaturated compound containing a carboxyl group is particularly 
30 preferred. 

[0039] Preferred examples of the unsaturated compound containing a carboxyl group include (meth)acrylic acid; 
crotonic acid: clnnamic acid; dimmers and larger oligomers produced by Michael addition reaction of unsaturated car- 
boxylic acids such as (meth)acrylic acid; and carboxyl<:ontaining (meth)acrylates such as a>-cart)oxypolycaprolaclone 
mono(meth)acrylate, phthalic acid mono hydroxyethyl (meth)acrylate, and succinic acid mono hydroxyethyl (meth) 
35 acrylate. Preferred examples of the unsaturated compound containing a sulfone group include (meth)acrytamide 
dimethytpropanesulfonic acid and styrenesulfonic acid. 

[0040] Preferred examples of epoxy-containing unsaturated compounds include ep>oxy group-containing (meth)acr- 
ylates such as glycidyl (meth)acrylates, and (meth)acrylates containing a cyclohexene oxide group as represented by 
the following formula (9). 

40 
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(9) 



[0041] Preferred examples of isocyanate-containing unsaturated compounds include (meth)acryloyl oxyethyl isocy- 
anates and dimethyl-m-isopropenylbenzyl isocyanates as represented by the following fomnuta (10). 
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[0042] Preferred examples of acid-anhydride-contarning unsaturated compounds include maleic anhydride and Ita- 
conlcacld. 

[0043] The prepolymer can also be produced by, in case of the method (6), polymerizing acid-anhydride-containlng 
unsaturated compounds along with other monomers as required, and in case of the method (7), polymerizing epoxy- 
containing unsaturated compounds along with other mononners as required. 

[0044] The prepolymer may be copolymerized with other monomers as required. Such other monomers Include 
styrene, a-methylstyrene, (meth)acrylonitrile, vinyl acetate, and (math) aery late. Concrete examples of (meth)acrylates 
include alkyi (meth)acrylates such as methyl (meth)acrylate, ethyl (meth)acry late, butyl (meth)acrylate, isobutyl (meth) 
acrylate, and 2-ethylhexyl (meth) aery I ate; alicyclic alky! (meth)acrylates such as cyclohexyl (meth)acrylate; substituted 
aryl (meth)acrylates such as benzyl (meth) acrylate; alkoxy (meth)acrylates such as 2-methoxy ethyl (meth)acrylate. 
and 2-ethoxyethyt (meth)acrylate; isobomyl (meth)acrylate; and alkoxysilyl group-containing (meth) aery lates. Other 
useful monomers include macromonomers. When they are used, the component (A) is in the f onn of a graft copolymer 
or block copolymer Examples of macromonomers include those containing polysiloxane, and those containing a flu- 
orine polymer chain. 

[0045] When a composition of the present inventk>n is to be employed for use that require durability, aromatk^ mon- 
omers such as styrene and a-methylstyrene should not be used or should account for not more than 20 wt% of the 
total monomers. 

[0046] When a composition of the present invention is intended for use that require chemical resistance, alrcyciic 
alkyI (meth)acrylates as described above are used preferably. In this case, their copolymerlzatioh ratio is preferably 0 
to 80 wt% of the total monomers. 

[0047] The prepolymer can be produced by polymerizing these monomers by an ordinary method such as solution 
polymerization, emulsion polymerization, or high-temperature continuous polymerization. In the above methods (2), 
(3) and (7) in which none of isocyanate-contalning unsaturated compounds and acid-anhydride-containing unsaturated 
compounds that are both decomposed by water is used, the prepolymer can be produced by any of the above proc- 
esses, i.e. solution polymerization, emulsion polymerization and high-temperature continuous polymerization. Howev- 
er, in the above methods (1), (4), (5) and (6) in which an isocyanate-containing unsaturated compound or an acid- 
anhydride-containing unsaturated compound is used, it is preferable that the prepolymer is produced by either solution 
polymerization or high-temperature fast continuous polymerization. 

[0048] When synthesis is performed by solution polymerization, the prepolymer can be obtained by dissolving mon- 
omers as raw materials in an organic solvent and adding thereto a thennal polymerization initiator, followed by heating 
and stirring. 

[0049] When synthesis is performed by radical solution polymerization , the prepolymer can be obtained by dissolving 
monomers as raw materials in an organic solvent, and adding thereto a thermal radical polymerization initiator, followed 
by heating and stirring. A chain transfer agent may be used as required to adjust molecular weight of resulting polymers. 
Examples of useful thennal polymerization initiators include peroxides, azo compounds and redox initiators that gen- 
erate radical species by heat. 

[0050] Examples of peroxides Include benzoyl peroxide, lauroyi peroxide, cumene hydroperoxide, t-butylhydroper- 
oxide, and dicumylperoxide. Examples of azo compounds include azobisisobutyronitrile and azobis-2.4-dimethylva- 
leronitrile. Examples of redox Initiators include hydrogen peroxide-ferrous salt, peroxodisulfate-sodium hydrogen 
sulfite, and cumene hydroperoxide-ferrous salt. Useful organic solvents include benzene, toluene, ethyl acetate, meth- 
anol, dimethylformamide, and the like. Chain transfer agents include dodecylmercaptan, xanthic acid disulfide, diazo- 
thioether. 2-propanol. and the like. 
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[0051] The prepolymer can also be produced by high-temperature continuous polymerization as required. High- 
temperature continuous polymerization is preferred in that low-molecular-weight, low-viscosity prepolymers can be 
produced and also in that themnal polymerization initiators are not required at all or required only in a small amount to 
produce a desired prepolymer, thereby providing a copolymer that is free of impurities that would generate radical 
species when heated or irradiated with light, and thus is high in stability and purity. 

[0052] High-temperature continuous polymerization may be performed according to known procedures as disclosed 
in JP-A-57-5021 71 , JP-A-59-6207, and JP-A-60-2 15007. For instance, a pressure-type reactor filled with a solvent is 
heated under pressure up to a specified temperature, and subsequently monomers or a mixture of monomers with a 
polymerization solvent as required, are fed to the reactor at a constant feed rate, and the reaction liquid up to an amount 
that corresponds to the quantity of the supplied monomer mixture is extracted. 

[0053] The monomer mixture may contain a thermal polymerization initiator as required. The reaction temperature 
is preferably in the range of 150**C to 350*C. The pressure depends on the reaction temperature as well as the boiling 
points of the monomer mixture and the solvent, and has no significant effect on the reaction, but should be merely 
such that the above-mentioned reaction temperature can be maintained. The retention time of the monomer mixture 
is preferably 2-60 minutes. 

[0054] Emulsion polymerization may be perfonmed by an ordinary method. For instance, monomers are dispersed 
In an aqueous medium using an emulslfier, followed by heating and stining in the presence of a polymerization initiator, 
or monomers are dispersed in an aqueous medium using an emulstfier to produce an aqueous emulsion, and the 
emulsion is then added to an aqueous medium while being heated and stirred in the presence of a polymerization 
initiator. 

[0055] When a prepolymer is produced by emulsion polymerization, the amount of the polymerization initiator may 
be increased or a chain transfer agent may be added to provide a polymer with a desired molecular weight as described 
below. Examples of the polymerization initiator include those described below in relation to polymerization methods, 
while examples of the chain transfer agent include those mentioned above. 

[0056] A variety of useful emulsifiers are available including anionic ones such as sodium dialkyi sulfosuc»inate, 
sodium dodecylbenzenesulfonate. sodium lauryl sulfate, sodium polyoxyethylene alkylphenyl ether sulfate, and sodium 
alkyldiphenyl ether disulfonate; nonionic ones such as polyoxyethylene higher alcohol ether, and polyoxyethylene a\ky\ 
phenyl ether; anionic polymer emulsifiers such as those based on polycarboxylic acid or polysulfonic acid; nonionic 
polymer emulsifiers such as polyvinyl alcohol; and reactive emulsifiers containing a radical polymerization inducing 
group such as acryloyi, aryl and propenyl groups. 

[0057] In cases where water resistance is required, deterioration in water resistance by the use of an emulsifier 
should be avoided by using a reactive emulsifier or by using an emuisifier-free polymerization method in which a section 
of a polymerization Initiator, instead of emulsifier, works to cause emulslficatlon of grains. 

1-1 -2. Polymer production method 

[0058] When the above methods (1 ) to (5) are used, polymers can be produced by adding an isocyanate-containing 
unsaturated compound (as in method (1)), an epoxy-containing unsaturated compound (as in niethod (2)), an acidic 
group-containing unsaturated compound (as in method (3)), or a hydroxyl-containing unsaturated connpound (in meth- 
ods (4) and (5)) to prepolymers that contain a maleimido group together with an appropriate functional group. 
[0059] When the above method (6) is used, polymers can be produced by adding not only a compound containing 
a maleimido group and a hydroxyl group but also a hydroxyl-containing unsaturated compound, to acid-anhydride- 
containing prepolymers. When the method (7) is used, polymers can be produced by adding not only a compound 
containing a maleimido group and an acidic group but also an acidic group-containing unsaturated compound, to epoxy- 
contalnlng prepolymers. 

[0060] Examples of isocyanate-containing unsaturated compounds, epoxy-contalning unsaturated compounds, car- 
boxy l-containing unsaturated compounds, and hydroxyl-containing unsaturated compounds are the same as described 
above. 

[0061] Examples of compounds containing a maleimido group and a hydroxyl group for the method (6) include those 
represented by the following fomiula (11 ). 
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(11) 



where and R2 denote the same as above, and RS denotes a linear or branched alkylene group with 1 to 6 carbon 



[0062] Examples of compounds containing a maleimido group and an acidic group for the nnethod (7) include those 
represented by the following fonmula (12). 



where arid R2 denote the same as above, and R^ denotes a linear or branched alkylene group with 1 to 6 carbon 
atoms. 

[0063] In every case, a desired polymer can be produced by adding an appropriate compound to a prepoplymer in 
an organic solvent, an aqueous medium or a solvent-free system. Conditions required for each addition reaction can 
be met by selecting an appropriate reaction temperature, reaction time and catalyst. 

[0064] Number average molecular weight of the component (A) Is preferably 1 ,000 or more, more preferably in the 
range of 1,000 to 1,000.000. most preferably in the range of 10,000 to 500,000. If It is less than 1,000, the resulting 
product is often insufficient in durability or poor in adhesion. If the molecular weight is too high, for instance more than 
1 ,000,000. compositions become too high in viscosity, thereby deteriorating workability, reducing solution stability, or 
degrading properties of coating films. 

[0065] For purposes of the present invention, the number average molecular weight is detenmined by gel permeation 
chromatography (GPC) using tetrahydrof uran as a solvent, followed by conversion on the basis of the molecular weight 
of polystyrene. 

[0066] The compositions of the present invention require the component (A) as an essential component, which is 

used, for Instance, in a fomn of a solution of the component (A) In an organic solvent, an aqueous dispersion of the 

component (A), or a composition of the component (A) and the below-descrlbed component (B). 

[0067] When the present composition is in a form of an aqueous composition, it may be the reaction liquid perse 

resulting from the above-mentioned addition reaction as long as the liquid is an aqueous dispersion of the component 

(A). If the reaction liquid resulting from the addition reaction is In a f omn of a solution of the component (A) in an organic 

solvent, the organic solvent is removed by evaporation etc., and the component (A) obtained may be dispersed In an 

aqueous medium using an emulsifier. Preferred emulsiflers include the same as described above. 

[0068] Content of the maleimido group in the component (A) Is preferably 0.04 to 4 mmol/g, more preferably 0.2 to 

3mmol/g. A content of less than 0.04 mmol/g may cause poor chemical resistance and insufficient curing orcrosslinking 

(hereinafter simply referred to as curing) which will result In insufficient hardness, while a content of more than 4 mmol/ 

g may cause poor adhesion since curing may take place only on the surface of a thk:k coating film. 

[0069] Content of the ethylenically unsaturated group In the component (A) is preferably in the range of 0.1 to 4 

mmol/g. A content of less than 0.1 mmol/g may cause poor chemical resistance and insufficient curing which will result 

in insuffbient hardness, while a content of more than 4 mmol/g may cause poor adhesion. 
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[0070] Content of the component (A) In the present composition is preferably 5 to 95wt%jwhen It is a solution in an 
organic solvent, while the content is preferably 10 to 70 wt%, more preferably 20 to 60 wt% when it is an aqueous 
dispersion. If this proportion is less than 5 wt% (in case of a solution in organic solvent) or 10 wt% (in case of an 
aqueous dispersion), drying process following coating on substrates may require large amounts of energy and time 
for the drying. If the content Is more than 95 wt% (in case of a solution in organic solvent) or 70 wt% (in case of an 
aqueous dispersion), it may be difficult to produce compositions, or the resulting compositions may become too high 
in viscosity to apply. When the component (A) is combined with the component (B), requirements for content of the 
component (A) will be described below. 



10 1 -2. Acidic polymer 

[0071] For the aqueous compositions of the present invention, the component (A) is preferably a polymer containing 
a maleimido group, an ethylenically unsaturated group and an acidic group (hereinafter referred to as acidic polymer) 
or a salt thereof (hereinafter referred to as acidic polymer (salt)) because such polymers are high In water resistance. 
IS [0072] Useful acidic groups include carboxyl, sulfonic acid, and phosphoric acid group, of which carboxyi group is 
preferred. 

[0073] A variety of acidic polymers, produced by different methods, are available for the present invention, but those 
produced by the following methods (1*) to (6') are preferred. 

(1 •) Method in which an epoxy-containing unsaturated compound is added to a prepolymer containing a maleimido 
group and an acidic group. 

(2*) Method in which an acidic group-containing unsaturated compound is added to a prepolymer containing a 
maleimido group and an epoxy group, followed by addition of an acid anhydride to the hydroxyl group resulting 
from the former reaction. 

^5 (3') Method in which an isocyante-containing unsaturated compound is added to a prepolymer containing a male- 

imido group, a hydroxyl group, and an acidic group. 

(4') Method In which a hydroxyl-containing unsaturated compound is added to a prepolymer containing a maleimido 
group, an isocyanate group, and an acidic group. 

(5') Method in which a hydroxyl-containing unsaturated compound Is added to a prepolymer containing a maleimido 
^ group and an acid anhydride group. 

(6') Method in which a compound containing a maleimido group and a hydroxyl group and a hydroxyl-containing 
unsaturated compound is added to a prepolymer containing an acid anhydride group. 



1 -2-1 . Prepolymer production method 

[0074] To produce the maleimide group-containing prepolymer used in methods (1X5*) as above, a maleimido- 
containing unsaturated compound can be copolymerized with an acidic group-containing unsaturated compound (as 
in method (1*) described above), an epoxy-containing unsaturated compound (as in method (2^ described above), an 
hydroxyl-containing unsaturated compound and an acidic group-containing unsaturated compound (as in method (3*) 
described above), an isocyanate-containing unsaturated compound and an acidic group-containing unsaturated com- 
pound (as in method (4') described above), or an acid-anhydride-containing unsaturated compound (as in method (5') 
described above). Preferred ones of these unsaturated compounds Include the same as described above. 
[0075] The prepolymer may be copolymerized with other monomers as required. Such other monomers include the 
same as described above. 

[0076] Prepoplymers can be produced by polymerizing these monomers by an ordinary method such as solution 
polymerization, emulsion polymerization, or high-temperature continuous polymerization. In the above methods (1*) 
and (2*) in which none of isocyanate-containing compounds and acld-anhydride-containing compounds that are both 
decomposed by water is used, the prepolymer can be produced by any of the above processes, i.e. solution polymer- 
ization, emulsion polymerization and high-temperature continuous polymerization. However, in the above methods (3') 
to (6*) in which an isocyanate-containing compound or acid-anhydride-containing compounds is used, it is preferable 
that the prepolymer is produced by either solution polymerization or high -temperature fast continuous polymerization. 
[0077] However, if an acidic group-containing unsaturated compound that is high in water-solubility is used for emul- 
sion polymerization, the polymerization process may become unstable, or the acidic group containing- unsaturated 
compound may polymerize mainly in the water phase instead of being taken into polymer grains. If emulsion polym- 
erization Is to be perfomried, therefore, the acidic group-containing unsaturated compound should have a lipophilicity 
comparable to methacryllc acids. 

[0078] Preferred procedures for solution polymerization, emulsion polymerization, and high-temperature continuous 
polymerization include the same as described above. 
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[0079] To further improve polymerization stability, the compositions of the present Invention may Include additional 
emulsifiers unless they impair such properties as water resistance and chemical resistance. Prefen-ed emulsrfiers in- 
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elude the same as describe above 
1-2-2. Acidic polymer production method 



[0080] When the above methods (1 ') to (5') are used, acidic polymers can be produced by adding an epoxy-containing 
unsaturated compound (as in method (1*)), an acidic group-containing unsaturated compound and an acid anhydride 
(as in method (2*)), an isocyanate-containing unsaturated compound (as in method (3')), or a hydroxyl-containing un- 
saturated compound (as in methods (4') and (5*)) to prepolymers that contain a maleimido group together with an 
appropriate functional group. 

[0081] When the above method (6') is used, acidic polymers can be produced by adding a compound containing a 
maleimido group and a hydroxy! group to acid-anhydride-contalning prepolymers. 
[0082] Preferred ones of these unsaturated compounds Include the same as described above. 
[0083] in the methods (V) and (2*) in which none of Isocyanate-containing compounds or acld-anhydride-containing 
compounds that are both decomposed by water is used during prepolymer production or addition reaction of unsatu- 
rated compounds, acidic polymers can be produced by adding an appropriate unsaturated compound to a prepolymer 
In an organic solvent, an aqueous medium or a solventless system. In the methods (3') to (6*) in which isocyanate- 
containing compounds or acid-anhydride-containing compounds are used, it is preferred to add an appropriate unsatu- 
rated compound to a prepolymer in an organic solvent or a soh^entl ess system. 

[0084] Conditions required for such an addition reaction can be met simply by selecting an appropriate reaction 
temperature, reaction time and catalyst. 

[0085] Weight average molecular weight of the acidic polymers is preferably in the range of 1 ,000 to 500,000, more 
preferably in the range of 2,000 to 1 00,000. If it is less than 1 ,000, cured films may become insufficient in strength and 
water resistance. If it is more than 500,000, compositions become too high in viscosity, thereby deteriorating workability 
or coating performance. 

[0086] Acid value of the acidic polymer is prefer^ly in the range of 20 to 400, more preferably in the range of 40 to 
200. An add value of less than 20 may cause the dispersion to be unstable, while an acid value of more than 400 may 
deteriorate cured films in water resistance or alkali resistance. When highly hydrophobic monomers such as 2-ethyhexyl 
(meth)acrylate, cyclohexyl (meth)acryrate and styrene are used to produce copolymers, their acid value is preferably 
in the range of 1 00 to 400. 

[0087] In the present invention, it is prefen^ed that acidic polymers are in a fom> of salts that are obtained by partially 
or entirely neutralizing acidic groups of acidic polymers and dissolving or dispersing them in an aqueous medium for 
use as an aqueous composition. The resulting aqueous composition will be highly stable. 

[0088] Conversion of such an acidic polymer into a salt may be perfomned while it is in the fomi of a prepolymer or 
after it has been converted into an acidic polymer. It is preferred, however, to convert a prepolymer by use of ammonia 
or an organic amine as describe below and then yield a salt of an acidic polymer, particularly because it can wortc as 
a catalyst for the addition reaction of an epoxy-containing unsaturated compound. 

[0089] A prepolymer prepared by solution polymerization or an acidic polymer prepared by addition reaction of an 
unsaturated compound in an organic solvent can be converted into a salt thereof according to an ordinary method. 
Such an ordinary method include a method in which a prepolymer or an acidic polymer is added in an aqueous medium 
under stining, and a method in which a prepolymer or an acidic polymer is neutralized with an alkali compound to 
produce a salt of the prepolymer or acidic polymer, followed by addition of the salt to an aqueous medium under stirring. 
[0090] A prepolymer prepared by emulsion polymerization or an acidic polymer prepared by adding an unsaturated 
compound to a prepolymer in an aqueous dispersion can be converted Into a salt of the prepolymer or the acidic 
polymer by adding an alkali compound directly to the reaction liquid after completion of the emulsion polymerization 
reaction or the addition reaction. 

[0091] The alkali compound includes ammonia, organic amines, and Inorganic bases such as sodium hydroxide and 
potassium hydroxide, of which ammonia and fow-molecular-welght organk: amines are preferred as they evaporate 
while cured films are dried, and thus provide the resulting cured films with excellent water resistance. 
[0092] Low-molecular-weight organic amines Include trialkylamines such as trirhethylamine, triethylamine, and trib- 
utylamine, and hydroxyalkylamines such as N.N-dimethylethanolamine, N-methyldlethanolamine and triethanolamlne. 
[0093] When the present composition comprises a compound containing a (meth)acryloyl group as described later, 
tertiary amines are preferably used as the above amines because they do not cause addition reaction with the (meth) 
acryloyi group. Further, amines that contains an ethylenically unsaturated group, such as N,N-dimethylaminoethyl 
(meth)acrylate, and N.N-dimethylaminopropyl (meth)acrylamide. are prefenred as they react during the crosslinking 
reaction to be incorporated in the crossltnked structure and will not cause deterioration in such properties as water 
resistance even if they remain as a salt In the coating film. 
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[0094] Degree of neutraftzation of an acidic polymer is preferably in the range of 10 to 1CM) nnol%, more preferably 
30 to 100 mor/o, relative to the total amount of acidic groups in the polymer. A neutralization degree of less than 10 
mol% may make rt difficult for the copolymer to dissolve or disperse in the aqueous medium. Addition amount of the 
alkali compound is preferably in the range of 10 to 100 mol%. more preferably 30 to 100 mol%, relative to the total 
amount of acidic groups in the polymer. If this is less than 10 mol%, It may aiso become difficult for the polymer to 
dissolve or disperse in the aqueous medium. If this is more than 1 00 mol%, an odor may remain in the resulting aqueous 
composition, particularly when the alkali compound Is ammonia or an amine. 

2. Component (B) 

[0095] The present invention can contain a component (B), namely, a compound having an ethylenically unsaturated 
group In addition to the component (A) for the purpose of adjusting strength, flexibility, water resistance, chemical 
resistance and productivity of coating films. A variety of compounds having an ethylenically unsaturated group, whether 
monomers or oligomers, can be used as the component (B) unless they are the same as the component (A). 
[0096] The component (B) is preferably a compound that has, In one molecule, two or more ethylenically unsaturated 
groups such as (meth)acryloyl groups, as they provide cured products excellent in hardness and abrasion resistance 
and, in case of aqueous compositions, they improve resultant dry films in strength, water resistance and chemical 
resistance. Furthemiore, the component (B) is preferably an aliphatic or altoydk: compound, rather than an aromatte 
one, to ensure high durability and high curability. 2-1 . Monomers 
[0097] Useful monomers include (meth)acrylates, vinyl ethers and the like. 

[0098] Examples of such (meth)acrylates include hydroxyalkyi (meth)acrylates such as 2-hydroxyethyl (meth)acr- 
ylates and 2-hydroxypropyl (meth)acrylates; acrylates of alkylene-oxide-added phenols such as phenoxyethyl (meth) 
acrylates, and halogen-nuclear-substituted products thereof; mono- or di-(meth)acrylates of glycol such as mono- or 
di-(meth)acrylates of ethylene glycol, mono- or di-(meth)acrylates of methoxyethylene glycol, mono- or di-(meth)acr- 
ylates of tetraethylene glycol, and mono- or di-(meth)acrylates of tripropylene glycol; and (meth)acrylates of poiyol 
such as trimethylolpropane tri(meth)acrylates, trihydroxyethylisocyanurate tri(meth)acrylates, pentaerythritol tri{meth) 
acrylates, pentaerythritol tetra(meth)acrylates, and dipentaerythrrtol hexaacrylate, as well as (meth)acrytates of said 
poiyol to which alkylene oxide has been added. 

[0099] Examples of such vinyl ethers include triethylene glycol divinyl ether, cyclohexane dimethyl alcohol divinyl 
ether, and hydroxyethyl vinyl ether. 

[0100] Examples of other useful monomers include N-vinylpynrolidone, N-vinylcaprolactam, acryloyi morpholine. N- 
vinytformamide. and N-vinylacetamkJe. 

[0101] Examples of useful monomers containing two or more ethylenfcally unsaturated groups include alkylene glycol 
di(meth)acrylates such as ethylene glycol di(meth)acrylates and propylene glycol dl(meth)acrylates; low-molecular- 
weight polyalkylene glycol di(meth)acrylates such as diethylene glycol di(meth)acrylates, tetraethylene glycol di{meth) 
acrylates, dipropyiene glycol dl(meth)acrylates, and tripropylene glycol di(meth)acrylates, as well as alkylene-oxide- 
modified products thereof; poiyol poly(meth)acrylates such as trtmethylotpropane tri(meth)acrylates, pentaerythritol dh 
ortri-(meth)acrylates, pentaerythritol tetra(meth)acrylates, ditrimethylolpropane tetra(meth)acrylates, and dipenlaer- 
ythritol penta- or hexa(meth)acrylates, as well as alkylene-oxlde-modif ied products thereof; and di- or tri(meth)acrylates 
modified with isocyanuric acid alkylene oxide. 

2-2. Oligomers 

[0102] Examples of useful oligomers include urethane (meth)acrylates, polyester (meth)acrylates, epoxy (meth)acr- 
ylates, and polyether (meth)acrylates. 

[0103] Examples of such urethane (meth)acrylate oligomers Include reaction products produced by reacting a hy- 
droxyl-containing (meth)acrylate with a reaction product of a poiyol and an organk: polyisocyanate. Examples of such 
polyols include low-molecular-weight polyols. polyether polyols, and polyester polyols. Examples of such low-molec- 
ular-weight polyols include ethylene glycol, propylene glycol, cyclohexane dimethyl alcohol, and 3-methyl-1 ,5-pentane- 
dioL Examples of polyether polyols include polyethylene glycol and polypropylene glycol. Examples of such polyester 
polyols include reaction products of these low-molecular-weight polyols and/or polyether polyols with an acid compo- 
nent Including dibasic acids such as adipic acid, succinic acid, phthalic acid, hexahydrophthalk> acid, terephthalic acid, 
and anhydrides thereof. Examples of such organk: polyisocyanates include tolylene diisocyanate, 4,4*-diphenylmeth- 
ane diisocyanate, 4,4'-dicyclohexylmethane diisocyanate, hexamethylene diisocyanate, and isophorone diisocyanate. 
Examples of such hydroxyl-containing (meth)acrylates Include hydroxyalkyi (meth)acrylates such as 2-hydroxyethyl 
(meth)acrylates, and 2-hydroxypropyl (meth) acrylates. 

[0104] Examples of useful polyester (meth)acrylates oligomers include dehydration-condensation products of a pol- 
yester poiyol and a (meth)acrylic acid. Examples of such polyester polyols include reaction products of low molecular 



13 



EP 1 167 395 A1 



weight polyols such as ethylene glycol, polyethylene glycol, cyclohexane dinnethyl alcohol, 5-methyl-1 ,5-pentanediol, 
propylene glycol, polypropylene glycol, 1 ,6-hexanecliol and trimethylolpropane or alkylene-oxide-added products there- 
of, reacted with dibasic acids such as adipic acid, succinic acid, phthalic acid, hexahydrophthalic acid, and terephthalic 
acid, or anhydrates thereof. 

[0105] Epoxy acrylates are addition products of epoxy resins reacted with such unsaturated carboxylic acids as 
(meth)acrylic acid, including epoxy (nneth)acrylates of bisphenol A epoxy resin, epoxy (meth)acrylates of phenol or 
cresol novolak epoxy resin, and (meth)acrylates of polyethers such as diglycldyl ethers. 

[0106] Examples of such polyether (nneth)acrylates Include polyalkylene glycol di(meth)acrylates such as polyeth- 
ylene glycol di(meth)acrylates, and polypropylene glycol di(meth)acrylates, and alkylene-oxide-modified products 
thereof. 

[0107] Proportion of the component (A) and the component (B), relative to the total amount of the components (A) 
and (B). in a composition is preferably 5 to 95 wt% for the component (A) and 95 to 5 wt% for the component (B), more 
preferably 10 to 90 wt% for the component (A) and 90 to 1 0 wt% for the component (8). If the component (A) accounts 
for more than 95 wt% or if the component (B) accounts for less than 5 wt%, cured product may be poor In hardness 
or abrasion resistance. If the component (A) accounts for less than 5 wt% or if the component (B) accounts for more 
than 95 wt%, curability may be degraded. 

[0108] An aqueous composition of the present Invention preferably contains the component (B) whose molecule 
contains two or more ethylenically unsaturated groups in the range of O to 120 wt% relative to the component (A) in 
the composition. Stability of the composition may deteriorate if the proportion exceeds 120 wt%. 
[0109] To the compositions of the present invention, a compound having one ethylenicatty unsaturated group may 
be added as required to adjust adhesion and flexibility of cured films. Examples of useful compounds having one 
ethylenically unsaturated group include hydroxyalkyi {meth)acrylates such as 2-hydroxyethyl (rT)eth)acrylates and 2-hy- 
droxypropyl (meth) acrylates; (meth)acrylates of an alkylene oxide adduct of a phenol such as phenoxyethyl (meth) 
acrylates, or halogen-substituted products thereof; mono(meth)acrylates of glycol such as ethylene glycol mono(meth) 
acrylates, methoxyethylene glycol mono(meth)acrylates, tetraethylene glycol mono{meth)acrylates, and tripropylene 
glycol mono{meth)acrylates; and N-vinyl compounds such as N-vinylpynrolidone, and N-vinylcaprolactam. 
[01 1 0] In case of an aqueous composition of the present, the compound containing two or more (meth)acryloyl groups 
and/or the compound containing one ethylenically unsaturated group can be stably dispersed by adding these com- 
pounds to a polymer-containing aqueous dispersion while stirring. When the compound containing two or more (meth) 
acryloyi groups and/or the compound containing an ethylenically unsaturated group are used, they function as film 
f omiation assistants particularly when they are liquid. Specifically, they are low-molecular-weight connpounds until they 
are polymerized by iaadiation with active energy beams, and thus they enter polymer grains and swell them to promote 
their fusion. After irradiated with active energy beams, they are polymerized to become constituents of the film, and 
thus are free from problems that could be caused by residual ordinary film fomnatlon assistants in the film. So, they 
are advantageous particularly when a low film formation temperature is required. 

3. Photopotymerization initiator 

[0111] The compositions of the present invention can be crosslinked, preferably by in-adiation w'rth active energy 
beams. As stated above, copolymers used in the present compositions contain a malelmido group and so they are 
easily crosslinked when irradiated with active energy beams. Even when irradiated with ultraviolet ray, they require 
addition of no or only a small amount of photopolymerization initiators to fonm excellent crosslinks. 
[01 12] The compositions of the invention cure when irradiated with active energy beams, and can be cured effectively 
by Irradiation with ultraviolet ray without use of a photopolymerization initiator, but such an initiator may be added to 
enhance curability unless it impairs durability. 

[01 13] Examples of such photopolymerization initiators Include benzoins and its alkylethers such as benzoin, benzoin 
methyl ether, benzoin ethyl ether, and benzoin isopropyl ether; acetophenones such as acetophenone, 2,2-dimethoxy- 
2-phenylacetophenone, 2,2-diethoxy-2-phenylacetophenone, 1 ,1-dichloroacetophenone, 1 -hydroxyacetophenone, 
1-hydroxycyclohexylphenyl ketone, and 2-methyl-1-[4-(methylthio)phenyl]-2-Morpholino-propane-1-on; anthraqui- 
nones such as 2-methylanthraquinone. 2-ethylanthraquinone, 2-tertiary-butylanthraquinone. 1 -chloroanthraquinone, 
and 2-amylanthraquinone; thtoxanthones such as 2,4-dimethylthioxanthone, 2.4-diethytthioxanthone, 2-chlorothioxan- 
thone, and 2,4-diisopropylthtoxanthone; ketals such as acetophenondimethylketal, and benzfldimethylketal; benzo- 
phenones such as benzophenone; and xanthones. 

[0114] These photopolymerization initiators may be used singly or in combination with a photopolymerization accel- 
erator based on benzoic acid type, amine type, etc. 

[01 1 5] Such photopolymerization initiators can be added in an amount of preferably 5 parts or less, more preferably 
2 parts or less, relative to 100 parts of the composition. 

[0116] For aqueous compositions of the present invention, water as a dispersion medium and ammonia or organic 
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amines as alkali compounds are preferably evaporated by heating the coated surface befpre irradiation with active 
energy beams. This prevents deterioration of film strength and transparency, which would occur If water remain in the 
film, and also prevents odors and durability deterioration, which would occur if ammonia or organic amines remain in 
the film. 

5 

4. Other additives 

[0117] To further improve durability, one or more durability improvers such as ultraviolet ray absorbers, photostabi- 
lizers, and antioxidants may be added to the compositions of the invention. 
10 [01181 Ultraviolet ray absorbers include those based on benzotriazole such as 2-(5*methyl-2-hydroxyphenyl) ben- 
zotriazole and 2-(3,5-di-t-amyl-2-hydroxyphenyl) benzotriazole. 

[01 19] Photostabillzers include those based on hindered amine or benzoate. Hindered amine based photostabtlizers 
include bis(1 ,2,2,6,6-pentamethyl-4-piperidinyl)sebacate, and 2-(3,5-di-t-butyl-4-hydroxyben2yl)-2-n-butylm^lonlc ac- 
id bis (1,2,2,6.6-pentamethyl-4-piperldyl). Benzoate-based ones include 2,4-di-t-butylphenyt-3,5-di-t-butyl-4-hydroxy- 
*5 benzoate. 

[0120] Antioxidants include hindered phenol based ones such as triethylene glycol-bis[3-(3-t-butyl-5-methyl-4-hy- 
droxylphenyl) propionate], and 1,6-hexanedlol-bis[3,5-di-t-butyl-4-hydroxyphenyl propionate] 

[0121] Durability improvers can be added In an amount of preferably 0.01 to 5 parts by weight relative to 1 00 parts 
by weight of the connposition. If their content is less than 0.01 part by weight, they may fait to work effecthrely» whereas 
if it is more than 5 parts by weight, the composition may be deteriorated in curability or degrade cured products in 
abrasion resistance. 

[0122] The compositions of the invention may contain fillers such as barium sulfate, silicon oxide, talc, clay, and 
calcium carbonate; coloring pigments such as phthalocyanine blue, phthalocyanine green, titanium oxide, and carbon 
black; film fonmation assistants such as butylcarbitol, butylcarbitolacetate. 2,2,4-trimethylpentanediol'1 ,3-monoi- 
25 sobutylate (commercially available under the trade name, Txanol, CS-12); and other additives such as adhesion im- 
prover, leveling agent, and antifoamlng agent; as well as polymerization inhibitors such as hydroqulnon, hydroqulnon 
monomethyl ether, phenothiazine, and N-nitrosophenyl hydroxylamlne aluminum salt. Such additives can be added in 
an amount of preferably 100 parts by weight or less relative to 100 parts by weight of the compolymer, though potym- 
ehzation inhibitors should be added in an amount of 1 0 ppm by weight to 2 parts by weight relative to the composition. 
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5. Usage 



[0123] The conripositions of the present Invention can be crosslinked by irradiation with active energy beams such 
as solar light, electron beam and ultraviolet ray. They nnay be used as they are, or may be used in combination with 
35 various additives. 

[01 24] The compositions of the present invention can be cured by irradiation with active energy beams, and ultraviolet 
ray, X-ray and electron beam are preferably used, and ultraviolet ray is more preferably used because it only requires 
inexpensive equipment. A variety of ultraviolet ray sources, including high-pressure mercury-vapor lamp, metal halide 
lamp, xenon lamp, electrodeless discharge lamp, and carbon arc lamp, are available to perfomn curing. If compositions 
of the invention are used as paints for outdoor use, they may also be cured and crosslinked by solar light and produce 
cured films with good properties. 

[0125] The compositions of the invention can be used in ordinary methods. For example, when the compositions are 
used as coatings; adhesives, binders, etc., they are applied to articles or substrates by ordinary methods, followed by 
inradlatton with active energy beams such as solar light, ultraviolet ray and electron beam for curing, and when the 
compositions are used as molding materials or the like, they are injected into appropriate molds and in^adiated with 
active energy beams for curing. Methods for Irradiation with active energy beams may be those conventionally known 
as methods for hardening active energy beam-curable compositions. 

[0126] The compositions oif the Invention provide coating films and molded articles with high durability and abrasion 
resistance, and thus can serve to produce coatings, adhesives, binders, and molded products. 

[0127] As the imido portion of the component (A) is high in polarity, the present compositions can achieve strong 
adhesion to various plastic materials. Furthennore, the compositions are excellent in abrasion resistance and durability, 
and thus they can advantageously be used as materials for hard coat of plastics as welt as molding materials. 
[0128] As the present compositions are also excellent in ultraviolet ray curability, they can serve to provide binders 
for various resist materials and coloring materials and to provide photosensitive resins to be roughened or patterned 
55 by surface processing techniques such as photomechanical process. 

[0129] The aqueous compositions of the present invention may be used as, for example, coating materials including 
paints, coatings and inks, bonding agents for non-woven fabrics, adhesives, fillers, and resists. Among them, the aque- 
ous compositions are quite useful for coating materials, particularly for paints. 
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[0130] The compositions of the invention designed for use as a coating material (hereinafter referred to as coating 
compositions) may contain synthetic resrns such as acrylic resin, ketone resin, and petroleum resin; fillers such as 
organic and inorganic extender pigments, detustering agents, and sanding assistants; and other various additives such 
as leveling agents, antifoaming agents, thickeners, dispersing agents for pigments, brightening agents, slipping agents, 
and thixotropjc agents; as required. 

[01 31 ] Articles or substrates that the above coating compositions can be applied to include wood materials including 
natural wood and synthetic wood; molded resin products (plastics) such as of polycarbonate, polymethyl methacrylates. 
and polyvinyl chloride; and other materials such as metal, glass, concrete, stone, and paper. The aqueous compositions 
of the invention are good in adhesion to wood materials, and thus are advantageously used as paints for wood. 
[0132] A typical procedure for using the coating compositions of the invention is as follows: compositions are coated 
on substrates and dried to evaporate water, followed by irradiation with active energy beams. Conventionally known 
coating methods including those using a roll coater or flow coater, spraying, dipping, and brush coating may be used. 
Irradiation with active energy beams may also be perfomned by ordinary methods. 



[0133] Examples are given below to Illustrate the present invention more specifically. In the following description, 
and "parts" mean "wt%" and "parts by weight", respectively. Abbreviations used are listed below. 

MMA: methyl methacrylate 

BA: butyl acrylate 

MAA: methacryllc acid 

GMA: glycidyt methacrylate 

HEA: hydroxyethyl acrylate 

MOI: methacryloxyethyl isocyanate 

AA: acrylic acid 

St: styrene 

ML: maletc anhydride 

HBVE: hydroxybutylvlnyl ether 

EA: ethylacrylate 

CHA: cyclohexylacrylate 

OTG: octyl thioglycollate 

TEA: triethylamine 



EXAMPLES 



THPI-A5 3,4,5, fi-tetrahydrophthalimidoethylacrylate 




(1 3) 
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DMI-M: dimethylmaleimidoethyl methacrylate 

O 




( 1 4) 



Cl-ETA: hydroxy ethyl citracoimid6 

on 




(1 5) 
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THPI-GLi carboxymethyl tetrahydrophthalimide 

OH 




( 1 6) 



^5 Production example 1-1 

[0134] At room temperature, 30g of THPI-A, 14g of MMA, 20g of BA, 26g of MAA, and 100g of butyl acetate were 
put in a flask equipped with a stin-er, a thermometer, and a cooling tube, and stirred to dissolve them, followed by 
addition of 3g of 2,2'-azobis(2-methylbutylonitrile) which was dissolved to provide a unifonm solution. The solution was 
then stinted at 85*C for 2 hours under a nitrogen gas stream, followed by additional stirring at 100*C for 1 hour to 
produce a prepolymer. 

[0135] To the resulting prepolymer solution, 10g of GMA, 0.5g of triethylamine, and 0.1 g of hydroqui none were added 
and stirred to ensure dissolution. The resulting solution was then heated and stirred at 100*C for 5 hours to provide a 
copolymer A1-1. 



so 
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Production example 1 -2 

[013S] At room temperature. 40g of DMI-M, 20g of MMA, 14g of BA. 11g of HEA. and lOOg of butyl acetate were put 



17 



|. SDCX^iO. <EP ii67;v)SAi I > 



EP 1 167 395 A1 



10 



in the same flask as described In Production exannple 1-1 , and stirred to dissolve them, foltewed by addition of 3g of 
2,2*-a2obls(2-methylbutylonitrile) which was dissolved to provide a unifomi solution. The solution was then heated and 
stirred under the same conditions as in Productfon example 1-1 to produce a prepolymer. 

[0137] To the resulting prepolymer solution, 15g of MOI, 0.1 g of dibutyltln laurate, and 0.1 g of hydroqulnone were 
added and stirred to ensure dissolution. The resulting solution was then heated and stirred at 60*C for 3 hours to 
provide a copolymer A1 -2. 

Production example 1-3 

[0138] A prepolymer was produced by canying out polymerization In the same manner as in Production example 
1 -1 , except that 20g of THPI-A, 1 0g of MMA, 11 g of BA, and 39g of GMA were used as raw materials. 
[0139] A copolymer A1 -3 was then produced by canying out reaction in the same manner as in Production example 
1 -1 , except that 20g of AA was used as a raw material. 

'5 Production example 1-4 

[0140] A prepolymer was produced by canying out polymerization In the same manner as In Production example 
1 -1 , except that 50g of DMI-M, 20g of MMA, 7g of BA, and 13g of MOI were used as raw materials. 
[0141] A copolymer A1-4 was then produced by carrying out reaction In the same manner as In Production example 
20 1 -2, except that lOg of HEA was used as a raw material. 

Production example 1-5 
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[0142] A prepolymer was produced by canying out polymerization In the same manner as In Production example 
1 -1 , except that 60g of THPI-A, 5g of MMA, and 20g of MOI were used as raw materials. 

[0143] A copolymer A1 -5 was then produced by carrying out reaction in the same manner as in Production example 
1 -2, except that 15g of HBVE was used as a raw material. 

Production example 1-6 

[0144] A prepolymer was produced by canying out polymerization in the same procedure as in Production example 
1 -1 , except that 30g of DMI-M, 18g of St. 17g of ML. and 15g of BA were used as raw materials. 
[01 45] A copolymer A1 -6 was then produced by canying out reaction in the same procedure as in Production example 
1 -1 , except that 20g of HEA was used as a raw material. 

Production example 1 -7 

[0146] A prepolymer was produced by canying out polymerization in the same procedure as in Production example 
1 -1 . except that 20g of St, 25g of ML. and 20g of BA were used as raw materials. 

[0147] A copolymer A1 -7 was then produced by carrying out reaction in the same manner as in Production example 
1 -1 , except that 20g of GI-ETA and 15g of HEA were used as raw materials. 

Production example 1-8 

[0148] A prepolymer was produced by carrying out polymerization in the same manner as in Production example 
1 -1 , except that 20g of MMA and 40g of GMA were used as raw materials. 

[0149] A copolymer A1 -8 was then produced by carrying out reaction in the same manner as in Production example 
1-1. except that 30g of THPI-GL and 10g of AA were used as raw materials. 

[0150] The compositions and the production methods of the above copolymers A1 -1 to A1 -8 are summarized in Table 
1-1 together with number average molecular weight (Mn), weight average molecular weight (Mw) and the percentage 
of nonvolatile matter In the composition (NV). 
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Table 1-1 
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Copoly 
mer 


Production 
method 


Amount of monomers in copolymer (g) 


Mn *10'3 


Mw *1 0-3 


NV (%) 






Prepofymer 










A1-1 


(2) 


THPI-A 


i MMA 


1 BA 


1 MM 


GMA 




8.9 


20.1 


49.7 






30 


1 


1 20 


1 26 


10 










A1-2 


(1) 


DMI-M 


\ MMA 


1 BA 


\ HEA 


MOI 




11.2 


24.9 


49.3 






40 


1 20 


14 


11 


15 










A1-3 


(3) 


THPI-A 


i MMA 


BA 


GMA 


AA 




10.3 


23.8 


48.7 






20 20 


1 10 10 


' 

11 11 


3939 


20 20 










A1-4 


(4) 


DMI-M 


\ MMA 


BA 


MOi 


HEA 




11.9 


24.1 


50.3 






50 


1 20 


7 


13 


10 










A1-5 


(4) 


THPI-A 


1 MMA 


MOI 




HBVE 




12.6 


25.4 


49.2 






60 




20 




15 










A1-6 


(5) 


DMI-M 


i St 


ML 


BA 


HEA 




7.9 


18.9 


49.3 






30 


18 


17 


15 


20 










A1-7 


(6) 


St 


\ ML 


BA 




CI-ETA 


HEA 


9.8 


23.1 


50.2 






20 


1 25 j 


20 




20 


15 








A1-8 


(7) 


MMA 


\ GMA 






THPI-GL 


AA 


14.3 


33.5 


49.9 






20 


1 40 1 






30 


10 









Comparative production examples 1-1 and 1-2 

[01 51 1 ^ Using the materials given in Table 1 -2, polymerization was earned out in the same manner as in the prepolymer 
production of Production example 1-1 to provide copolymers C1-1 and CI -2. 

Table 1-2 



Copolymer 


Amount of monomers in copolymer (g) 


Mn *10*3 


Mw*10-3 


NV (%) 


C1-1 


THPI-A 


MMA 


BA 


9.9 


25.9 


48.3 


30 


40 


30 


CI -2 


MMA 


BA 




12.9 


30.9 


49.1 


60 


40 





45 



Example 1-1 
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[0152] According to an ordinary method, 140 parts (solid 70 parts) of the solution of the copolymer A1-1 produced 
m Production example 1-1 and 30 parts of ethylene oxide 3-mol modified triacrylate of trimethylolpropane (Aronix M- 
350 (trade name) manufactured by Toagosei Co., Ltd.) were mixed together to provide an active energy beam-curable 
composition. 

[0153] The resulting composition was evaluated on curability, durability, abrasion resistance, and adhesion according 
the following procedures. Results are shown In Table 1-3. 

Curability 

[0154] A bonderized steel sheet (PB-1 44 (trade name) manufactured by Nippon Testpanel Co.. Ltd), which was used 
as a substrate, was coated with the resulting composition up to a thickness of 10 jum, dried at 50*C for 30 min, and 
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moved on an conveyor to pass several times under a single 120 W/cm condensing-type high-pressure mercury lamp 
at a speed of 1 0 m/min. Curability was evaluated In temis of the number of passes required for the surface to become 
free of tack when touched with fingers. 

^ Durability 

[0155] A white polyvinyl chloride sheet supplied by Nippon Testpanel Co., Ltd.. which was used as a substrate, was 
coated with the resulting composition up to a thickness of 1 0 ^.m, dried at SO^'C for 30 min, and moved on an conveyor 
to pass several times under a single 1 20 W/cm condensing-type high-pressure mercury lamp (1 0 cm height) at a speed 
10 of 1 0 m/min. To prepare a specimen, curing was perfomied until the surface became free of tack when touched with 
fingers. 

[01 56] Dewpanel Light Control Weather Meter DPWL-5R (trade name), supplied by Suga Test Instrument Co. , Ltd. , 
was used as an accelerated exposure testerto expose the specimen to a wet environment (1 00%RH, 40*»C) for 6 hours 
and to light in-adiation (SOW/m^, 40»C) for 6 hours, altemately and repeatedly for a total of 500 hours. Durability was 
evaluated based on changes in appearance detemnined by visual observation and discoloration detennined by a color- 
difference meter (Sigma 80 (trade name) manufactured by Nippon Denshoku Industries Co., Ltd.). The symbols O, A 
and X In Table 1-2. which shows results of appearance evaluation, mean as follows: 

O: free of cracks 
^o A: a few cracks found 

X : cracks found over entire film 

Abrasion resistance 

25 [0157] A polycarbonate sheet supplied by Nippon Testpanel Co., Ltd., which was used as a substrate, was coated 
with the resulting composition up to a thickness of 1 0 pm, dried at 50«C for 30 min. and moved on an conveyor to pass 
several times under a single 120 W/cm condensing-type high-pressure mercury lamp (10 cm height) at a speed of 10 
m/min. To prepare a specimen, curing was performed until the surface became free of tack when touched with fingers. 
[DISS] A piece of #000 steel wool was attached to the tip of a cylinder with a diameter of 25 mm. and then allowed 
to come in contact with the cured film of the specimen that was held horizontally, and rotated 5 times (20 rpm) under 
a load of 1 .0 kg. Degree of resulting flaws was determined by visual observation. The symbols® , O. A and X in Table 
2 mean as follows: 

® : no flaw found on specimen surface 
35 O: a few fiaws found on specimen surface 

A: many flaws found on specimen surface 
X: Substrate surface exposed out of flawed portions 
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Adhesion 



[0159] A specimen was prepared in the same manner as for the abrasion resistance test and subjected to a cello- 
phane-tape peeling test according to JIS (Japanese Industrial Standard) K-5400, using a polycarbonate sheet of Nippon 
Testpanel Co., Ltd. as a substrate. The number of remaining squares out of 1 00 squares was counted, and evaluation 
was made according to the following three-rank criterion: 



O: more than 90 
A: 10 to 90 
X: less than 10 

50 Examples 1-2 to 1-8 

[0160] Compositions were prepared in the same manner as in Example 1-1 according to the fomiulations gwen in 
Table 1 -3 below. The resulting compositions were evaluated In the same manner as in Example 1 -1 . Results are shown 
in Table 1 -3. 
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In Table 1-3, figures in the columns tor the components (A) and (B) show their amounts in parts. The amount of the 
component (A) is its solid content, and the abbreviations in Table 1-3 mean as follows: 

1) M-350: ethylene oxide 3-mol modified triacrylate of trimethylolpropane (Aronix M-350 (trade name) manufac- 
tured by Toagosel Co., Ltd., hereinafter refen-ed to as M-350) 

2) M-400: mixture of dipentaerythritol pentaacrylate (about 20 wt%) and hexaacrylate (about 80 wt%) (Aronix M- 
400 (trade name) manufactured by Toagosel Co., Ltd., hereinafter referred to as M-400) 

3) DVE-3: triethylene glycol divinyl ether (Rapicure DVE-3 (trade name) manufactured by ISP Corp.) 

4) Irg184: hydroxycyclohexyl acetophenone (photopolymerization initiator, Irgacure 184 (trade name) manufac- 
tured by Ciba-Geigy Co., Ltd.) 



Comparative examples 1-1 and 1-2 

[0161 J Compositions were prepared in the same manner as in Example 1 -1 according to the formulations given in 
Table 1-4 below. 

[0162] The resulting compositions were evaluated in the same manner as in Example 1-1. Results are shown in 
Table 1-4. 
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In Table 1 >4, figures in the columns for the copolymers and the component (B) show their amc/tints in parts. The amount 
of the copolymers Is their solid contents, and the abbreviations in Table 1 -4 mean the same as above. 
[0163] Results shown above indicate that the compositions of the present invention cure rapidly without a photopo- 
lymerizatlon initiator when Irradiated with active energy beams and that the resulting cured products are not only ex- 
cellent in durability but also excellent in abrasion resistance and adhesion. 

Production example 2-1 

[01 64] A flask equipped with a stlnrer, a thermometer and a cooling device, and containing 1 45 parts of ion exchanged 
water was set on an water bath and heated up to an inner temperature of 80*C while nitrogen is supplied thereto. Then, 
a solution of 1 part of ammonium persulfate as polymerization initiator In 3 parts of ion exchanged water was added! 
After 5 minutes following the addition. 1 00 parts of a mixture of a monomer and a chain transfer agent shown in Table 
2-1 . was dripped over a period of 2 hours at 80 '^C, and after the completion of dripping, maintained at 80**C for additional 
1 hour. Subsequently, 0.1 part of t-buty I hydroperoxide diluted with 2 parts of ion exchanged water was added. After 5 
minutes, 0.3 part of sodium hydrosutf ite diluted with 4 parts of ion exchanged water was added, and the inner temper- 
ature was maintained at 80*'C for 1 hour. 

[0165] Then. 30 parts of ion exchanged water, 8.8 parts of TEA arid 0.05 part of hydroqulnone monomethyl ether 
were poured In the reaction solution, followed by stirring for 1 hour to ensure neutralization of acidic polymers. TEA 
also sen/es as a catalyst for the subsequent addition reaction. 

[01 66] After conf inning that no aggregates had formed in the reactor and that the Inner temperature had been stably 
at 80*C, 12.4 parts of GMA was added and the solution was maintained at an inner temperature of B0*C for 2 hours 
for addition reaction to provide a liquid containing of an acidic polymer A2-1 dissolved or dispersed in water (hereinafter 
referred to as aqueous liquid). 

[0167] Examination of the properties of the aqueous liquid showed that it had a solid content of 38.1% (content of 
nonvolatile matters measured after heating at 1 55*C for 30 min, hereinafter the same), pH of 7.5,.and viscosity of 340 
mPa s (measured with BM type viscometer at 60 rpm and 25**C, hereinafter the same). 

[0168] The aqueous liquid containing the acidic polymer A2-1 was analyzed by gas chromatography (hereinafter 
abbreviated as GC), and the result showed no peaks attributable to unreacted GMA or water-added products of GMA. 
The aqueous liquid was treated with diluted hydrochloric acid and the acidic polymer A2-1 was isolated by an ordinary 
method. Observation was conducted for 1 H-NMR of the isolated acidic polymer A2>1 . showing that peaks attributable 
to protons connected to unsaturated double-bonded carbons appeared at 5.6 ppm and 6.2 ppm. Their integrated In- 
tensities substantially conresponded to a 100% degree of GMA addition. Thus. GC and 1 H-NMR observations proved 
that the degree of GMA addition was nearly 100%. Mw and Mn of the acidk: polymer A2-1 were 15,500 and 5.800, 
respectively. 

Production examples 2-2 to 2-4 (production of acidic polymers A2-2 to A2-4) 

[0169] Aqueous liquids containing acidic polymers were produced by carrying out the same procedure as in Produc- 
tion example 2-1 , except that the fomnulations for monomer, chain transfer agent. TEA and GMA shown in Table 2-1 
were employed. In Production examples 2-4, A-200 (trade name), namely an epoxy methacrylate supplied by Daicel 
Chemical Industries. Ltd. (a compound represented by the f onmula (9) where R is methyl group) was used instead of 
GMA Properties of acid polymers A2-2 to A2-4 were as follows: 

A2-2: solid content 37.5%, pH7.5, viscosity 1 62mP.s 
A2-3: solid content 37.6%, pH7.2, viscosity 38mP-s 
A2-4: solid content 37.9%, pH7.0, viscosity 83mP-s 

[0170] Degree of GMA addition reaction measured by the same procedure as In Production example 2-1 was nearty 
100% for the acidic polymers A2-2 and A2-3, and about 70% for the acidic polymers A2-4. 
[0171] Measurements of Mw and Mn are shown in Table 2-1 . 

Comparative production example 2-1 (production of acidic polymer C2-1) 

[0172] An aqueous liquid containing an acidic polymer C2-1 was produced by carrying out polymerization in the 
same manner as in Production example 2-1 , except that the fomiulation for monomer, chain transfer agent, and TEA 
shown in Table 2-1 was employed and that GMA addition reaction was not perfomied. The aqueous liquid had a solid 
content of 35.9%, pH of 6.9 and viscosity of 67 mP- s. Measurements of Mw and Mn are shown in Table 2-1 . 
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Comparatrve production example 2-2 (production of acidic polymer C2-2) 



[01731 An aqueous liquid containing an acidic polymer C2-2 was produced by canrying out polymerization in the 
same manner as In Production example 2-1 . except that the fomnulation for monomer, chain transfer agent, TEA and 
GMA shown In Table 2-1 was employed. The aqueous liquid had a solid content of 37.8%, pH of 7.2 and viscosity of 
98 mP-s. Dgree of GMA addition reaction observed In the same manner as in Production example 2-1 was nearly 
100%. Measurements of Mw and Mn are shown in Table 2-1 . 
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Example 2-1 

[0174] To the aqueous liquid containing the acidic polymer A2-1 produced in Production example 2-1 . M-350 and 
M-400 were added according to the f omnulation shown in Table 2-2 to provide an aqueous emulsion containing of M- 

5 350 and M'400 emulsified and dispersed stably by the effect of the triethylamine salt of the acidic polymer A2-1 . 

[01751 To the resulting emulsion, an antifoaming agent (BYK-024 (trade name) manufactured by BYK-ChemIe) and 
a leveling agent (BYK-346 (trade name) manufactured by BYK-Chemie) were respectively added at proportions of 
0.2% and 0.5% relative to the total weight of the acidic polymer A2-2 (solid content), M-350 and M-400 to provide an 
aqueous paint composition for wood. 

10 [0176] Using a bar coater, the resulting composition was applied over a commercial unsaturated polyester coated 
plywood to produce a coating film thereon so that the film had a thickness of 20 to 25 ^im after dried. Immediately after 
the coating, the coated plywood was dried at 60*C for 5 minutes, followed by ultraviolet ray in^diation under the following 
conditions: 

^5 Lamp type: 80 W/cm condenslng-type hlghi?ressure mercury lamp, 

Lamp height: 10 cm, 
Conveyor speed: 10 m/min, and 
Number of passes under the lamp: twice. 
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[0177] The resulting cured film was evaluated for the following items (1 ) to (1 0). Results of the evaluation are shown 
in Table 2-2. 



(1) Gloss 

2s [0178] A glossmeter (manufactured by Nippon Denshoku Industries Co.. Ltd.) was used to measure 60^ gloss. 

(2) Adhesion 

[0179] Grid-like cuts were made in the resulting cured film at intervals of 2 mm using a cutter knive to produce 100 
30 squares. Commercial cellophane tape (manufactured by Nrchiban Co., Ltd.) was pressed and adhered to the film 
surface and then peeled off, and the number of the remaining squares was counted. 

(3) Pencil hardness 

35 [0180] Hardness of the resulting cured film was evaluated according to the "Handwriting Method" of JIS (Japanese 
Industrial Standard) K5400. 

(4) Acetone rubbing test 

^0 [0181] A swab containing acetone was used to rub the surface of the resulting cured film back and forth with a load 
of 500g and at a speed of 1 second for one back-and-forth trip. Quality was evaluated according to the following three- 
rank criterion based on the number of back-and-forth trips required for the cured film surface to suffer from injuries 
such as whitening and peeling: 

O: No Injuries found on cured film after 50 trips 
Injuries found on cured film after 20-49 trips 
X: Injuries found on cured film after less than 20 trips 



(5) Water resistance 

[0182] Distilled water was put as test liquid on the cured film and wiped off after 6 hours, and the cured film was 
observed visually. Evaluation was perfomned according the following three-rank criterion: 

O: No injuries found on cured film 
55 A: Slight injuries found on cured film 

X: Distinct injuries, such as whitening, cracking, and lifting, found on cured film 



27 



SDOCID:<EP 1167395A1 I > 



EP 1 167 395 A1 

(6) Acid resistance «. 

[0183] Evaluation was carried out by the same procedure as In (5) above^ except that 5% aqueous acetic acid solution 
was used as test liquid. 



10 



15 



20 
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(7) Alkali resistance 

[01 84] Evaluation was carried out by the same procedure as in (5) above, except that 1 % aqueous sodium carbonate 
solution was used as test liquid. 

(8) Alcohol resistance 

[01 85J Evaluation was carried out by the same procedure as in (5) above, except that 50% aqueous ethanol solution 
was used as test liquid. 

(9) Solvent resistance 

[0186] Evaluation was can-led out by the same procedure as in (5) above, except that a 1 :1 solution of ethyl acetate 
and xylene was used as test liquid. 

(10) Odor 

[0187] After the completion of the curing by ultraviolet ray in^diation, odor of the cured film was examined, and 
evaluation was carried out according the following three-rank criterion: 

O: No odor 
A: Slight odor 
X : Distinct odor 
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Examples 2-2 to 2-8 and Comparative examples 2-1 to 2-3 

[01 88] A wood paint composition was produced in the same manner as in Example 2-1 . except that the fonnulations 
shown in Tables 2-2 and 2-3 were employed. As photopolymerization Initiator, lrg-500 (1:1 mixture of 1- hydroxy- 
cyclohexyt-phenyl ketone and benzophenone, lrgacure-500 (trade name) manufactured by Ciba Specialty Chemicals) 
was used In Examples 2-2 and 2-8 and Comparative examples 2-2 and 2-3. 

[0189] The resulting compositions were evaluated in the same manner as in Example 2-1. Results are shown in 
Table 2-2 and 2-3. 



Table 2-2 



Example 


2-1 


2-2 


2-3 


2-4 


2-5 


2-6 


2-7 


2-8 


Components (parts) 


Salt of acidic polymer* 


A2-1 


A2-1 


A2-2 


A2-3 


A2-4 


A2-2 


A2-2 


A2-2 






65 


65 


65 


65 


65 


50 


50 


40 




M-400 


20 


20 


20 


20 


20 


40 


40 


48 




M-350 


15 


15 


15 


15 


15 










M-240 












10 




12 




DVE-3 














10 






lrg-500 




0.3 












0.3 



40 



45 



SO 



" The amount tn parts of acidic polymer salts represents the amount of sofid contained in the aqueous Squid. 



55 



28 



EP1 167 395 A1 

Table 2-2 (continued) 



Example 


2-1 


2-2 


2-3 


2-4 


2-5 


2-6 


2-7 


2-8 


Evaluation 


Gloss 


82 


84 


83 


85 


80 


89 


90 


88 




Adhesion 


100 


100 


100 


100 


100 


100 


100 


95 




Pencil hardness 


H 


H 


H 


H 


H 


2H 


2H 


3H 




Acetone rubbing 


O 


O 


O 


O 


O 


O 


O 


O 




Water resistance 


o 


o 


o 


o 


o 


o 


O 


O 




Acid resistance 


A 


A 


A 


o 


A 


o 


O 


O 




Alkali resistance 


O 


O 


O 


o 


. O 


o 


O 


O 




Alcohol resistance 


A 


A 


A 


A 


A 


o 


O 


O 




Organic solvent 
resistance 


A 


O 


O 


O 


A 


o 


o 


O 




Odor 


O 


A 


O 


O 


O 


o 


o 


A 



20 

Table 2-3 



Comparative Example 


2-1 


2-2 


2-3 


Components (parts) 


Salt of acidic polymer* 


C2-1 


C2-1 


C2-2 






65 


65 


50 




M-400 


20 


20 


40 




M-350 


15 


15 






M-240** 






10 




DVE-3*** 










lrg-500 




0.3 


3.0 


Evaluation 


Gloss 


85 


85 


82 




Adhesion 


100 


100 


40 




Pencil hardness 


H 


H 


2H 




Acetone rubbing 


A 


O 


O 




Water resistance 


O 


O 


O 




Acid resistance 


A 


A 


A 




Alkali resistance 


X 


X 


O 




Ak^ohol resistance 


X 


X 


A 




Organic solvent resistance 


A 


O 


O 




Odor 


O 


A 


X 



* The amount in parts of acidic polymer salts rcpresenis the amount of soRd contained in the aqueous liquid. 
*• M-240: tetraethylene glycol diacrylate (Aronix M-ZAO (trade name), manufactured by Toagosei Co., Ltd.) 
DVE-3: triethylene glycol dfvinyl ether (Raplcure DVE-3 (trade name), manufachired by ISP. Corp.) 



[01 90] The above results show that the aqueous compositions of the present invention are excellent In crossllnkability 
by irradiation with acth/e energy beanrts, and provide cured films that are free from coloring and odors, excellent in 
adhesion, hardness and water resistance, and particularly excellent in chennical resistance, and that the compositions 
are suitable as paints, particularly those for wood. 
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1 . A crosslinkable resin composition, comprising (A) a polymer which contains a maleimido group and an ethylenically 
unsaturated group. 

2. A crosslinl^able resin composition as defined in claim 1 . in which said maleimido group is bonded via an ester or 
urethane linkage to an ethylenrcally unsaturated group-containing polymer. 

3. A crosslinkable resin composition as defined In claim 1 . in whteh said ethylenbally unsaturated group is bonded 
via an ester or urethane linkage to a maleimido group-containing polymer. 

4. A crosslinkable resin composition as defined in claim 1 . further comprising (B) a compound, other than the com- 
ponent (A), containing an ethylenically unsaturated group. 

5. A crosslinkable resin composition as defined in claim 1 . in which said ethylenically unsaturated group of the com- 
ponent (A) is acryloyi or methacryloyi group. 

6. A crosslinkable resin composition as defined In claim 4, in which the component (B) Is a compound having two or 
more ethylenically unsaturated groups. 

7. A crosslinkable resin composition as defined in claim 6, in which said ethylenically unsaturated groups of the 
component (B) are acryloyi or methacryloyi groups. 

8. A crosslinkable resin composition comprising a compound as defined in any of claims 1 -7, said resin composition 
being capable of crosslinking by irradiation with an active energy beam. 

9- A method for coating an article, which comprises applying a composition of any one of claims 1-7 to an article, 
and then irradiating the composition with an active energy beam. 

10. A crosslinkable resin compositbn as defined in daim 1. In whfch said composition is an aqueous crosslinkable 
resin composition. 

11. An aqueous crosslinkable resin composition as defined in claim 10, In which the component (A) is dissolved or 
dispersed in an aqueous medium. 

12. An aqueous crosslinkable resin composition as defined in claim 11, in which the component (A) is a polymer 
containing a maleimido group, an ethylenically unsaturated group and an acidic group, or a salt of the polymer 

13. An aqueous crosslinkable resin composition as defined in claim 1 2, in which said acidic group is a carboxyl group. 

14. An aqueous crosslinkable resin composition as defined in claim 13, further comprising (B) a compound, other than 
the component (A), containing two or more ethylenically unsaturated groups. 

15. An aqueous crosslinkable resin composition as defined in claim 14, in which said ethylenically unsaturated groups 
of the component (B) are acryloyi or methacryloyi groups. 

1 6. An aqueous crosslinkable resin composition comprising a composition as defined In any of claims 1 0-1 5. said resin 
composition being capable of crosslinking by irradiation with an acth^e energy beam. 

17. A method for coating an article, which comprises applying a composition of any one of claims 10-15 to an article, 
and then irradiating the composition with an active energy beam. 

18. An aqueous paint for wood, comprising a composition as defined in any of claims 10-15, said paint being capable 
of crosslinking by irradiation with an ultraviolet light. 

19. A method for coating wood, which comprises applying a composition of any one of claims 10-15 to wood, and then 
in-adiating the composition with an ultraviolet light. 
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